Background: European societies are becoming increasingly ethnically diverse. this may have important implications for socioeconomic inequalities in health due to the often disadvantaged position of ethnic minority groups in both socio-economic status (SES) and disease, especially cardiovascular disease (CVD). Objective: the aim of this study was to determine whether the socio-economic gradient of estimated CVD risk differs between ethnic groups. Methods: using the healthy life in an urban Setting study, we obtained data on SES and CVD risk factors among participants from six ethnic backgrounds residing in Amsterdam. SES was measured using educational level and occupational level. CVD risk was estimated based on the occurrence of CVD risk factors using the Dutch version of the systematic coronary risk evaluation algorithm. Ethnic disparities in socio-economic gradients for estimated CVD risk were determined using the relative index of inequality (RII). Results: Among Dutch-origin men, the RII for estimated CVD risk according to educational level was 6.15% (95% confidence interval [CI] 4.35-7.96%), indicating that those at the bottom of the educational hierarchy had a 6.15% higher estimated CVD risk relative than those at the top. Among Dutch-origin women, the RII was 4.49% (CI 2.45-6.52%). the RII was lower among ethnic minority groups, ranging from 0.83% to 3.13% among men and −0.29% to 5.12% among women, indicating weaker associations among these groups. Results were similar based on occupational level. Conclusions: Ethnic background needs to be considered in associations between SES and disease. The predictive value of SES varies between ethnic groups and may be quite poor for some groups.
Introduction
Socio-economic inequalities in health and disease pervade European societies, particularly cardiovascular disease (CVD) [1, 2] . Socio-economic inequalities exist in CVD mortality, morbidity and case fatality, although the association varies with specific CVD subtypes (e.g. a stronger socio-economic gradient with ischaemic cerebrovascular accidents relative to haemorrhagic cerebrovascular accidents) [3, 4] . In addition, socio-economic inequalities exist in biomedical precursors of CVD, such as coronary artery calcification or dyslipidaemia [5, 6] . Finally, socioeconomic inequalities exist in the underlying risk factors such as smoking, diet and physical activity [7, 8] .
In recent decades, European societies have become increasingly diverse not only in socio-economic terms, but also in terms of ethnic background, due to immigration waves from non-Western countries, which started in the 1960s. the first generation of migrants is now starting to reach an age where diseases such as CVD are a main cause of mortality and disability.
the increasing ethnic diversity may have important implications for socio-economic inequalities in CVD because many ethnic minority groups have a socio-economically disadvantaged position relative to host populations. Furthermore, the socio-economic gradient of CVD may differ strongly between ethnic groups [9] [10] [11] . this was first described in the 1970s by marmot et al. who reported socio-economic disparities in CVD among the host population in England and Wales, but found no socio-economic disparities in CVD among Indian minorities [12] . Subsequent studies, however, have reported differing results with regard to socio-economic gradients in CVD among ethnic minority populations, showing both strong and weak or absent socio-economic gradients among these populations [9] [10] [11] 13 ].
more precise knowledge on the relation between socio-economic status (SES) and CVD within ethnic minority groups can help identify those who would most benefit from preventive interventions for CVD. In Europe, the European Society of Cardiology has recommended that preventive intervention for CVD is warranted only among those with sufficient estimated CVD risk. this CVD risk is estimated based on the occurrence of traditional CVD risk factors (e.g. smoking status and dyslipidaemia) [14, 15] . Estimated CVD risk may vary according to SES and ethnic background [16, 17] . therefore, considering both SES and ethnicity may help identify those with sufficient estimated CVD risk to warrant preventive interventions. however, no studies have been carried out in Europe to determine the association of SES and ethnicity with estimated CVD risk. In addition, the studies that have assessed socio-economic gradients for certain individual CVD risk factors have shown inconsistent results [18, 19] .
to illustrate the importance of the increasing ethnic diversity to socio-economic inequalities in health, we assessed whether educational and occupational level gradients in CVD risk differ between ethnic groups. to do so, we analysed socio-economic gradients in estimated CVD risk and the individual CVD risk factors used for estimation, and determined whether and how these gradients differed between the ethnic groups.
Methods
Data were obtained via a questionnaire and a physical examination during the healthy life in an urban Setting (hElIuS) study. hElIuS is a large-scale, multi-ethnic cohort study on health and health-care utilisation among different ethnic groups living in Amsterdam, the netherlands. the aims and design of the hElIuS study have been described previously by Stronks et al. [20] . In brief, hElIuS included Dutch, Surinamese, ghanaian, turkish and moroccan origin participants between 18 and 70 years of age living in Amsterdam who were randomly sampled, stratified by ethnicity, via the municipality register. the study protocols were approved by the Academic medical Center Ethical Review Board, and all participants provided written informed consent.
Ethnicity
Each participant's ethnicity was defined according to the country of birth of the participant as well as that of his/her parents. Specifically, a participant was considered as of non-Dutch ethnic origin if he/she fulfilled either of the following criteria: (1) he or she was born abroad and has at least one parent born abroad (first generation), or (2) he or she was born in the netherlands but both his/her parents were born abroad (second generation). Of the Surinamese immigrants in the netherlands, approximately 80% are either of African or South-Asian origin. Surinamese subgroups were classified according to self-reported ethnic origin. Participants were considered to be of Dutch origin if the person and both parents were born in the netherlands.
SES indicators
SES was estimated by self-reported educational level and occupational level. Educational level was based on the highest qualification attained, either in the netherlands or in the country of origin, and it was categorised into four groups: (1) Cardiovascular risk factors used for this study include achieving the physical activity norm (i.e. ≥30 minutes of moderate physical activity per day for five or more days a week), smoking status, diabetes status, blood pressure and cholesterol/hDl ratio. habitual physical activity (hours/week) was measured with questions about the time spent on several activities during a normal week in the past few months using the Short Questionnaire to Assess health-Enhancing Physical Activity (SQuASh) [22] . Smoking status was assessed via questionnaire. Blood pressure was measured twice using a validated automated digital blood pressure device (WatchBP home; microlife Ag) on the left arm in a seated position after the person had been seated for at least five minutes. Fasting blood samples were drawn, and fasting glucose, total and hDl cholesterol were determined. Participants were considered to have diabetes if they reported a diabetes diagnosis, used glucose-lowering medication or in case of a fasting glucose ≥7.0 mmol/l.
Study population
Baseline data collected by both questionnaire and physical examination were available for 22,165 participants. We excluded participants with a javanese Surinamese (n=233), other-unknown Surinamese (n=267) or unknown/other ethnic background (n=48). Furthermore, we excluded participants based on missing data regarding cardiovascular risk (i.e. smoking status, dyslipidaemia, and/or blood pressure; n=311) or educational level (n=180). In addition, we excluded participants who were not eligible for CVD risk estimation based on age <40 years or <25 years among those with diabetes (n=7434) or based on prior CVD (n=2363). this resulted in a study population of 11,329 participants.
Statistical analysis
Because of non-linear associations between age and estimated CVD risk/CVD risk factors, all analyses were stratified for sex and adjusted for age using seven-or five-year intervals (18-24, 25-29, 30-34, etc.) . to study the association between SES and estimated CVD risk, we calculated the relative index of inequality (RII) for each ethnic group. the RII is a regression-based estimate of the association of SES with estimated cardiovascular risk, which takes the relative size of SES groups into account [23] . It is obtained by regressing the cumulative rank of each SES group [23] . the cumulative rank is equal to the proportion of individuals who have a higher SES, which is equal to the proportion of participants in higher SES groups plus one half of the proportion of participants within the own SES group [23] . the RII for estimated cardiovascular risk was estimated using ordinary least squares regression. In addition, we determined the RII for each individual CVD risk factor using binary logistic regression for categorical variables (i.e. achieving the physical activity norm, smoking status and diabetes) and ordinary least squares regression for continuous variables (i.e. systolic blood pressure and cholesterol/hDl ratio).
Because ethnic disparities regarding socio-economic inequalities in disease may differ between SES indicators, we repeated these analyses using occupational level instead of educational level as an indicator of SES. For these analyses, we excluded moroccan females and turkish females due to the high number of missing values regarding occupational level (n=516 and n=333, respectively).
results
In our study population, Dutch and African Surinamese participants were older compared to the other ethnic minority groups (table I) . the proportion with highest education was highest among the Dutch. most South-Asian Surinamese, African Surinamese and ghanaian men had second lowest or second highest education, whereas most turkish men and moroccan men had lowest or second lowest education. male-female differences in educational levels were small for South-Asian Surinamese and African Surinamese participants but substantial for the other ethnic minority groups. Estimated CVD risk was highest among the Dutch, SouthAsian Surinamese and African Surinamese in both men and women, although moroccan women showed a high estimated CVD risk relative to ghanaian and turkish women. the occurrence of individual CVD risk factors differed between ethnic groups, especially for diabetes prevalence.
Within each SES category, Dutch, South-Asian Surinamese and African Surinamese men showed the highest unadjusted estimated CVD risk ( Figure  1 ). Socio-economic gradients based on educational rank were similar between ethnic groups, although for turkish and ghanaian men, the association seemed somewhat weaker. Among women, SouthAsian Surinamese, African Surinamese and the Dutch showed a higher estimated CVD risk relative to ghanaian, turkish and moroccan women at high educational rank (i.e. low education) but not at low educational rank (i.e. high education) due to a stronger socio-economic gradient among the Dutch, South-Asian Surinamese and African Surinamese relative to the other ethnic groups. Furthermore, in contrast to the other ethnic groups, ghanaian women showed no or a slightly negative socio-economic gradient.
Among Dutch men, the age-adjusted RII of educational differences in estimated CVD risk was 6.15% (95% confidence interval [CI] 4.35-7.96%; table II), indicating that in general, those at the bottom of the educational hierarchy had a 6.15% higher 10-year risk of CVD related morbidity or mortality compared to those at the top. the RII was smaller but also significant among South-Asian Surinamese men (RII 3.13, 95% CI 0.79-.48%). Among other minority groups, the RII was positive as well but did not attain statistical significance (RII 0.83-2.01%). the RII for Dutch men was significantly higher than for all ethnic minority men. Among Dutch women, the RII for estimated CVD risk was 4.49% (95% CI 2.45-.52%). Among ethnic minority South-Asian Surinamese women, African-Surinamese women and turkish women, the RII was significant, ranging from 3.02% to 5.12%, and did not differ significantly from Dutch women. Among ghanaian women and moroccan women, the RII was not significant (RII −0.29%, 95% CI −2.26% to 1.68%; RII 1.45%, 95% CI −0.47% to 3.36%, respectively) and was significantly lower relative to the Dutch women. the RII for all individual CVD risk factors were significant and positive among the Dutch men, except for achieving the norm for physical activity, which was negative though not significant. the RII of smoking was similar to the Dutch among most ethnic minority men, except among ghanaian men who showed a lower RII relative to the Dutch. the RII for other individual CVD risk factors was often not especially among men, in great part due to a stronger socio-economic gradient for systolic blood pressure and diabetes among the Dutch relative to the minority groups. South-Asian Surinamese and African Surinamese showed a relatively strong socio-economic gradient in estimated CVD risk compared to the other ethnic minority groups, especially among men, mainly due to a relatively strong socio-economic gradient in smoking.
Evaluation of limitations
A key strength of this study is the large, multi-ethnic database which included all CVD risk factors necessary to estimate CVD risk according to SCORE and sufficiently large sample sizes consisting of several ethnic minority groups which allowed for multi-ethnic comparisons, stratified for sex.
significant and/or lower than the Dutch. Among Dutch women, the RII was significant and positive for all CVD risk factors except for the RII for achieving the norm of physical activity, which was significant but negative. Among turkish and moroccan, the RII for CVD risk factors was often significant and similar to the Dutch. however, the RII for smoking status was significant and <1.0 among turkish and moroccan women, whereas it was significant and >1.0 among Dutch women. In contrast, among South-Asian Surinamese, African-Surinamese and ghanaian women, the RII for individual CVD risk factors was often not significant and was lower than that of the Dutch. Similar to the distribution of education, the Dutch showed a relatively high prevalence of high occupational level relative to the ethnic minority groups (table I) . In addition, patterns of socio-economic differences in estimated CVD risk were similar based on education and occupation (Figures 1 and 2) .
Socio-economic gradients in estimated CVD risk were similar for educational level and occupational level, and ethnic variations in these gradients were about similar too (tables II and III). however, educational level was related to systolic blood pressure among ghanaian men (RII 6.04 mmhg, 95% CI −0.36 to 12.43) while occupational level was not (RII −0.57 mmhg, 95% CI −7.60 to 6.46). In addition, occupational level was related to systolic blood pressure among turkish men (RII 6.16 mmhg, 95% CI 0.85-11.47), whereas educational level was not (RII 1.60 mmhg, 95% CI −2.59 to 5.80). Finally, occupational level was strongly related to diabetes among ghanaian women (RII 9.51, 95% CI 1.32-68.78) whereas educational level was not (RII 0.70, 95% CI 0.27-1.83).
Ethnic disparities regarding the socio-economic gradient of education and occupation for estimated CVD risk were mostly similar, except among ghanaian men. For example, the RII of education for systolic blood pressure in ghanaian men was not significantly different from Dutch men (table II) , while the RII of occupation for systolic blood pressure was significantly lower among ghanaian men compared to Dutch men (tables II and III).
Discussion

Key findings
lower socio-economic status as determined by educational level and occupational level was associated with higher estimated CVD risk in most but not all ethnic groups. this association was stronger among the Dutch compared to ethnic minority groups, however, there are also limitations to this study. First, due to the cross-sectional design, causal inferences regarding the relationship between SES and CVD cannot be made. however, given the agerelated nature of CVD, it is unlikely that the occurrence of CVD risk factors (mostly in adult life) would have influenced educational achievement (mostly until early adulthood). nonetheless, the occurrence of CVD risk factors might have influenced occupational mobility during adult life.
Second, as in all large epidemiological studies, objective measures of physical activity and smoking behaviour were not available, and therefore we had to rely on self-reported health behaviour. Recent studies reported a discrepancy between true behaviour and self-reported behaviour, the latter being reported in a more socially accepted direction (i.e. higher physical activity, lower smoking rates), with greater discrepancies at lower SES [24, 25] . Consequently, the socio-economic gradient of physical activity and smoking status based on the self-reported data presented in this study may underestimate the true socio-economic gradient.
third, measuring ethnic disparities in the socioeconomic gradient of CVD is challenging, in part because different SES indicators may lead to different results [11] . therefore, we compared the socioeconomic gradients as determined by education to the socio-economic gradients as determined by occupation. the findings were mostly consistent regardless of how socio-economic status was defined. It would be of value to determine whether these results differ with other SES markers such as household income to get a more complete view of the association between SES and CVD.
Fourth, it is unknown whether the SCORE algorithm accurately estimates the 10-year CVD risk among all ethnic groups [14] . If this is not the case, ethnic disparities in the socio-economic gradient of estimated CVD risk as presented in this study may not accurately represent ethnic disparities in true CVD risk. however, because prevention is based on estimated CVD risk instead of true CVD risk, the results of this study are still of value for identifying subpopulations who show the highest estimated CVD risk and thus among whom preventive intervention for CVD is most warranted based on ethnic background and SES.
Fifth, this study was conducted among ethnic minority groups residing in the netherlands, and results may differ for these ethnic minority populations within other countries. nevertheless, our results might be applied to other countries with due caution, especially in European countries with 
Discussion of key findings
Although socio-economic gradients may vary for individual CVD risk factors, our study found that lower SES was associated with higher estimated CVD risk, especially among the Dutch, South-Asian Surinamese and African Surinamese. therefore, among these ethnic groups, low SES may warrant lower thresholds for CVD risk estimation. however, among some ethnic minority groups (i.e. ghanaians and to a lesser extent among turkish and moroccans), there was no or only a slight socio-economic gradient in estimated CVD risk. Among these ethnic minority groups, SES may not be as useful as an indicator in deciding when CVD risk estimation is warranted. the observation that some ethnic minority groups show stronger socio-economic gradients than other ethnic minority groups may indicate that the latter ethnic minority groups are not yet as advanced in term of the social diffusion theory, which states that CVD risk was initially higher among high SES groups because they are the first to be able to afford the unhealthy lifestyle associated with the disease. According to the theory, over time, the disease will spread among low SES groups within high-income nations due to the increase of living standards and among less socio-economically advanced nations as a result from taking over the lifestyle of high-income nations [1] . this theory may apply to ethnic minority populations within high-income nations as they benefit from the increase in living standards, but may take some time to adopt Western lifestyle. If so, this would imply that association between SES and the estimated cardiovascular risk within ethnic minority populations might be strengthened in the future.
there was a relatively strong socio-economic gradient in estimated CVD risk among South-Asian Surinamese and African Surinamese participants compared to the other ethnic minority groups. Among men, this was related to a relatively strong socio-economic gradient for smoking among both Surinamese groups. this might be because Surinamese are in later phases of the tobacco epidemic compared to the other ethnic groups. however, an earlier Dutch study among participants aged 35-60 years reported similar socio-economic gradients for smoking between Surinamese, turkish and moroccan men [18] .
Interestingly, turkish and moroccan women showed a positive socio-economic gradient for smoking status, whereas other women showed a negative gradient. An earlier study conducted in Amsterdam between 2001 and 2003 reported a positive association between education and smoking rates among moroccan and turkish women, indicating that the situation may have been stable among these women [18] . Similar patterns have been described in turkey and morocco [26, 27] . Such stable patterns may be related to a persistent factor such as the perception of smoking as a symbol of modernity, emancipation and independence among moroccan and turkish women with high education [26, 28] .
In the past, CVD risk estimation models have already been developed which incorporate either SES or ethnic background [16, 17] . Our results show that the association between SES and estimated CVD risk may differ between ethnic groups, and therefore a new model might be necessary which incorporates both ethnic background and SES in order to identify high CVD risk individuals accurately. however, such a model might perhaps be too complex or time-consuming for adequate use in primary care.
the observation that socio-economic disparities in CVD risk vary by ethnic group implies that ethnic disparities in CVD risk may differ by SES. In our study, ethnic disparities in estimated CVD risk were smaller among high SES group, which suggest that high SES may weaken the impact of ethnic background on CVD risk. this is in accordance with several previous studies regarding ethnic disparities in CVD by socio-economic status [19, 29] . For example, a previous study from the netherlands regarding metabolic syndrome among Dutch, AfricanSurinamese and South-Asian Surinamese showed larger ethnic disparities at low educational levels [19] . Similarly, a study conducted in the united States reported larger ethnic disparities in CVD at lower educational level [29] . however, another study from the united States did not show a clear difference between educational levels in the extent of ethnic disparities in smoking status, diabetes, hypertension or body mass index [30] . conclusions lower SES as determined by educational level or occupational level was associated with higher estimated CVD risk in most but not all ethnic groups. the strength of the association varied across ethnic groups with generally weaker associations among the ethnic minority groups, particularly among ghanaian, turkish and moroccan groups, compared to the majority population. thus, the predictive value of SES for estimated CVD risk may differ between ethnic groups and may even be negligible among certain ethnic minority groups. this study illustrates that the increasing ethnic diversity may have important implications for the study of socio-economic inequalities in disease. As socio-economic gradients for estimated CVD risk differ between ethnic groups, and especially between ethnic majority and minority populations, ethnic background needs to be considered in any association between SES and disease in current multi-ethnic societies.
